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Presentation Outline

. Background: Where are we today?

. Background: Virchow’s Triad, and Quintet

. NAVI Model: Method; Pros and Cons

. Example methods for medical device/material in
vitro thrombogenicity testing using small-volume
(3.0 mL) models of human blood
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Virchow's Triad (1800s - early 1900s)
key elements of thrombosis

Stasis of blood
flow

Endothelial injury Hypercoagulability

Rudolf Virchow




Virchow’s Triad (Venn diagram — 215t century)
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Virchow's Quintet (Pentagon)
....for medical devices
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Svetlana Kaplan, Ph.D., Karen F. Marcoe, B.S., Lester R. Sauvage, M.D.,
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Endothelial
Injury

Thrombin generation: phenotypic quantitation,
KE Brummel-Ziedens, RL Pouliot, KG Mann, J
of Thromb. and Hemost., 2, 281-288, 2003
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Fig. 3. Computer simulation of thrombin generation. Three

individuals were modeled for active thrombin generation based upon
ir protein facto s found in Table 1. Subiect 3. 10 and 1 3 reflec




NAVI* Model: Method: Pros and Cons

*NAVI = non-anticoagulated venous implant model:
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NAVI* Model: Method

*NAVI = non-anticoagulated venous implant model:

2@
NAVI (and AVI) model variants:

(o 1 = femoral vein
% 2 =jugular vein ‘m}
i 3 =1VC/SVC
N - é" 4 = [VC-AA
' ' @Medtromc
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NAVI* Model: Pros

*NAVI = non-anticoagulated venous implant model:

 Non-thrombogenic coating investigations
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NAVI* Model: Pros

*NAVI = non-anticoagulated venous implant model:

 Non-thrombogenic coating investigations
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NAVI* Model: Pros

*NAVI = non-anticoagulated venous implant model:

 Non-thrombogenic coating investigations
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NAVI* Model: Pros

*NAVI = non-anticoagulated venous implant model:
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NAVI* Model: Pros

*NAVI = non-anticoagulated venous implant model:

* |nvestigations on thrombus formation




NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

« Scoring method variability

Score | Thrombus Formation Score Description (typical)

0 No significant thrombosis (very small clot acceptable at insertion)

Minimal thrombosis, one location.

Minimal thrombosis, multiple locations.

Significant thrombosis, < 72 the length of the implant, vessel patent.

Significant thrombosis, > 72 the length of the implant, vessel patent.

N[ |OIN|-

Vessel completely occluded.

score 2 3 is considered failing / ‘not meeting the requirements of the protocol’
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NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

« Scoring method variability

Score | Thrombus Formation Score Description (typical)

0 No significant thrombosis (very small clot acceptable at insertion)

Minimal thrombosis, one location.

Minimal thrombosis, multiple locations.

Significant thrombosis, < 72 the length of the implant, vessel patent.

Significant thrombosis, > 72 the length of the implant, vessel patent.
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Vessel completely occluded.
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NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

« Scoring method variability

Score | Thrombus Formation Score Description (typical)

0 No significant thrombosis (very small clot acceptable at insertion)

Minimal thrombosis, one location.

Minimal thrombosis, multiple locations.

Significant thrombosis, < 72 the length of the implant, vessel patent.

Significant thrombosis, > 72 the length of the implant, vessel patent.

A |OIN|-

Vessel completely occluded.




NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

e Scoring method variability
Factors that influence NAVI score*:

v'The implant position (P)
v'The implant technique (IT)
v'The extent of device-vessel wall contact (tissue damage, TD)
v'Timel/incubation period (IP)
v'The explant technique (ET)
v'The material/material surface (M)
v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)
v'The recipient/subject thrombotic potential (TP)
v'Statistical power (SP)
v'Evaluator expertise (EE)

M. F. Wolf and J. M. Anderson, Practical approach to blood compatibility assessments: general
onsiderations and standards, in Biocompatibility and performance of medical devices, edited by
n_—PieCIre 0 | d Publishing Ltd, (2012).



Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (TP)

v Statistical power (SP)

v'Evaluator expertise (EE)

Femoral, Jugular, IVC/SCV(?), AA(?)




Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)
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v Statistical power (SP) \

v'Evaluator expertise (EE)




Factors that influence NAVI score:

v'The implant position (P)
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)
v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

D .......... ...............

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (TP)

v Statistical power (SP)

v'Evaluator expertise (EE)
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v’ Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (TP)

v Statistical power (SP)

v'Evaluator expertise (EE)

Incubation &=
=1 hour

' Incubation

= 4 hours




Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (STP)

v Statistical power (SP)

v'Evaluator expertise (EE)




Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (TP)

v Statistical power (SP)

v'Evaluator expertise (E
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potentlal (TP)

v'Statistical power (SP) |

v'Evaluator expertise (EE)
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timelincubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)
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Factors that influence NAVI score:

v'The implant position (P)

v'The implant technique (IT)

v'The extent of device-vessel wall contact (tissue damage, TD)

v'Timel/incubation period (IP)

v'The explant technique (ET)

v'The material/material surface (M)

v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)

v'The recipient/subject thrombotic potential (TP)

v'Statistical power (SP)

v'Evaluator expertise (EE)

Agonal (ante-
mortem) ‘clot’
# thrombus



NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

« Scoring method variability

Factors that influence NAVI score:

v'The implant position (P)
v'The implant technique (IT)
v'The extent of device-vessel wall contact (tissue damage, TD)
v’ Timelincubation period (IP)
v'The explant technique (ET)
v'The material/material surface (M)
v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)
v'The recipient/subject thrombotic potential (TP)
v’ Statistical power (SP)
.‘valuator expertise (EE)

Common belief:

NAVI Score = f (P, IT, TD, IP, ET, M, nTA, TP, SP, EE)




NAVI* Model: Cons

*NAVI = non-anticoagulated venous implant model:

« Scoring method variability

Factors that influence NAVI score:

v'The implant position (P)
v'The implant technique (IT)
v'The extent of device-vessel wall contact (tissue damage, TD)
v’ Timelincubation period (IP)
v'The explant technique (ET)
v'The material/material surface (M)
v'"Non-thromboadherent materials get labeled non-thrombogenic
(non-thromboadherent, nTA)
v'The recipient/subject thrombotic potential (TP)
v’ Statistical power (SP)
.‘valuator expertise (EE)

Reality:
" NAVI score = f (P, 1T, TD, IP, e, Ml, n1a, TP, sp, EE)




AVI* Model: Cons

*AVI = anticoagulated venous implant model:

« Lack of scoring method discrimination

Factors that influence AVI score:

v'Heparin concentratlon (H)

Reality:

AVl Score :f(l I, P, IT, TD, IP, ET, M, nTA, TP, SP, EE)

/Ak




Presentation Outline

4. Example methods for medical device/material in
vitro thrombogenicity testing using small-volume
models of human blood




Examples methods:

~ Impact of
" container
¢ materials

Impact of time
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and use
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Stasis of
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K. Miinch, M. F. Wolf, E. J. Fogt, P.
Schroeder, M. Bergan, P. Gruffaz, Use
of simple and complex in-vitro models
for multiparameter characterization of
human blood-material/device
interactions, J. Biomat Sci. Polymer

Edn, Vol 11, (2000).
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Example methods — saline displacement blood draw
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Example methods — vacuum blood draw
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Example methods — saline displacement blood draw
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Example methods — small blood volume = higher n
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Example methods:

Donor variability

Thrombin generation: phenotypic quantitation,
KE Brummel-Ziedens, RL Pouliot, KG Mann, J
of Thromb. and Hemost., 2, 281-288, 2003

Treat Donor as a variable! o0
700
600
500
400
300
200
100

TAT at 20 min (nM)

Month
Fig. 2. Six-month individual thrombin profile. Thrombin generation
as determined by thrombin—antithrombin 0T (TAT) at 20 min is illustrated
for the 13 individuals over the course of a 6-month time period.




Example methods:

‘Exposure ratio’
= SAy(cm?)/mLyg

Ratio of surface area of test
material to volume of blood (WB)

Medical device/
biomaterial

Biomaterial Surface
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Example methods:

Anticoagulants
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Example methods:

Endothelial
Injury




Final

Materials sample
‘Exposure ratio’ Initial
= SAy(cm?)/mLyyg = sglrcr)l:?e
model wio 6.0 or 9.0

Controls
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Example methods - Experimental designs

Exposure
Table 1 *Ma- Anticoagulant Exposure Time Ratio
DOE* Model terial (U/mL blood) (min) @ Temp (cm2/mL) Donors Blood Fill Method
Heparin @ 30, 60, 90 . .
DOE 1 Tube A-F 0.6 and 1.0 @ 37°C 9.0 3 saline displacement
1L Heparin @ 60 saline displacement (loops)
Meisz VS S 1.0 and 2.0 @37°C S E vacuum (tubes)
Loop
Tube .
Heparin @ 60 . .
DOE 3 L\c/:,.p A-F 1.0 and 2.0 @37°C 6.0 2 saline displacement

* A= PE (polyethylene), B = Glass, C = PEU (polyurethane), D = PEU+H (PEU with heparin coating), E = Pebax
(polyether block amide), and F = Pebax+H (Pebax with heparin coating).
* *DOE = design of experiment

High
ﬁeparin]

F F
E E
s 5 Donor T 5 Donor
3 A = B
g © High 5¢C
ig =
B [Heparin] B
A Low A Low
30 60 90 30 60 90
Time (min) Time (min)
F
E
I 5 Donor
= Cc
wC
= High
B [Heparin]
A Low
30 60 90
Time (min)

m O o mm

Material

I)

Donor A

Test
Loop

Low

F / F /
E E
% D Donor A 5 Donor B
i~
]
s © High C
B B
A L
BD Test o A BD Test Low
Tube* Loop Tube* Loop
Model
E
E
D Donor C
High C High
B [Heparin]
A
BD TestLOw
Tube* Loop

High

[Heparin]
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Example methods — ANOVA results

[Heparin] Exposure
Model Material (U/mL) Donors Time Significant (P<0.05)
DOE Protein (A) (B) (C) (D) (E) Interactions
1 NA P<0.0001 P<0.0001  P<0.0001 P<0.0001 BC, BD, BE, DE, CDE
2 TAT NS P<0.0001 P<0.0001 NS NA AB,AC, BC, CD
3 P<0.0001  P<0.0001 P<0.0001 NS NA None
1 NA P<0.0001 P<0.0001  P<0.0001 P<0.0001 BC, DE
2 F1.2 NS P<0.0001 P<0.0001 NS NA AB, AC, CD
3 P<0.0001  P<0.0001 P<0.0001 NS NA BD
1 NA P<0.0001 P<0.0001  P<0.0001 NS BD
2 BTG P<0.0001  P<0.0001 P<0.0349 NS NA AB, CD
3 P<0.0001  P<0.0001 NS NS NA None
3
. & Medironic
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Example methods — TAT graphical results
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Example methods — F1.2 graphical results

_ Heparin
Material Glass 0.6 (U/mL)
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Example methods — example rating scheme

TAT (4g)

Em) ~
P%ehaxoﬁ\
ebax_
PEUSH

Results Score Interpretation Material % 5 Donor
X < empty -1 Anti-thrombogenic
X = empty 0 Non-thrombogenic
empty < X < predicate 1 SO
thrombogenicity
_ . Predicate-consistent
2 = [P 2 thrombogenicity
predicate < X < glass Moderate
3 . .
thrombogenicity
High
>
KBRS E thrombogenicity
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What might the format be of an ideal standardized
In vitro thrombogenicity test for a test material?

Initial blood
Negative control
Positive control
Empty

Test material
Predicate

Final blood
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